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ABSTRACT. Spec t ra l  observations of t h e  c r a t e r  Aristarehus 
during November and December 1961 showed a comparatively s t a b l e  
outflow of gas near  i t s  center .  The emission band 4634 f_ 1 A 
with  a sharp red border and weak emission i n  t h e  orange-red 
s p e c t r a l  region were detected.  

These d a t a  a r e  evidence t h a t  t h e r e  was an outflow of 
molecular hydrogen of t h e  fumarole type of Earth volcanoes, 

I n  order  t o  c l a r i f y  t h e  luminescence glow of t h e  Moon i n  1955, a photo- 

metr ic  comparison was made of t h e  s p e c t r a  of d i f f e r e n t  ob jec t s  on t h e  Iunal: 

su r face  and t h e  s o l a r  spectrum [ I ] .  The spectrograms were obtained on a 50-inch 

r e f l e c t o r  of t h e  Crimean Astrophysical Observatory, using a spectrograph having 

a l i n e a r  d ispers ion of about 23 1 a t  1 mm near H . P a r t i c u l a r  a t t e n t i o n  was 

i n  t h e  spec t ra  of ob jec t s  on the  Lunar su r face  and i n  the  s o l a r  s p e c t r m .  mere 

was a s i g n i f i c a n t  d i f fe rence  i n  t h e  contours of these  l i n e s  and the  contours of 

t h e  s o l a r  spectrum only i n  t h e  spectrum of t h e  Aristarchus c r a t e r .  En t h e  Aris- 

ta rchus  spectrum, t h e  l i n e s  w e r e  narrower than i n  t h e  s o l a r  spectrum, It thus 

fol lows t h a t  t h e r e  is a luminescence'glow i n - t h e  Aris tarchus  c r a t e r  which closes 

t h e  l i n e  contours, A photometric study showed t h a t  t h i s  glow e x i s t s  i n  the 

narrow wave por t ion of t h e  spectrum a t  A < 4000 A. Pn addi t ion ,  t h e r e  w a s  a 
0 

second, weaker region of luminescence between 4400 and 4100 A. 

Numbers i n  t h e  margin designate pagination i n  o r i g i n a l  fore ign tex t ,  
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This luminescence of t h e  Aristarchus c r a t e r  was most c l e a r l y  apparent after 

a f u l l  Moon. However, a t  t h e  same phase but  i n  d i f f e r e n t  months, the  Busaineseence 

br ightness  was f a r  from t h e  same. These f luc tua t ions  i n  br ightness  had no con- 

nect ion with s o l a r  a c t i v i t y .  Therefore, t h e  ques t ion a r i s e s  of whether they c m  

not be explained by changes i n  t h e  a c t i v i t y  of t h e  c r a t e r  i t s e l f .  Such an ex- 

planat ion may be v a l i d ,  i f  a s i g n i f i c a n t  por t ion  of t h e  observed emissions is 

caused, not  by luminescence of s o l i d  rocks, bu t  by luminescence of gas outflows 

from t h e  Aristarchus c r a t e r ,  I n  order t o  study t h i s  problem, i n  November- 

December, 1961, a new s e r i e s  of s p e c t r a l  observations of t h e  Aristarchus crater 

was performed on a 50-inch r e f l e c t o r  of t h e  Crimean Observatory. 

, I n  1961, s p e c t r a  of t h e  Aris tarchus  c r a t e r  w e r e  obtained on a different 

spectrograph wi th  a small  d ispers ion,  on the  order  of 150 1 a t  1 m near H . 
Y 

The s p e c t r a  were recorded with a wide s l i t ,  thus making i t  poss ib le  t o  have the 

spectrum of the  c r a t e r  and t h e  s p e c t r a  of i t s  surroundings a t  t h e  same time, A t  

t h i s  time, the  photometric processing of t h e  spec t ra  obtained was concluded by 

comparing t h e  spectrum of t h e  ob jec t s  s tud ied  wi th  t h e  spectrum of the surromd-  

ings ,  and not  wi th  t h e  s o l a r  spectrum. On November 30, i n  t h e  mornirng, the Moon 

was i n  t h e  l a s t  quar ter .  Spectrograms of t h e  Aris tarchus  c r a t e r  and i ts  selrromd- 

I ings  were obtained during t h e  nightt ime i n  November on t h e  following days: 

25-26, 27 - 28, 29 -30, and i n  December: 

1 -  2, 2 - 3 .  

On these  n igh t s ,  a l a r g e  number of spectrograms were made of d e t a i l s  i n  the 

Aris tarchus  and Herodotus c r a t e r s ,  t h e  Schroeter  Valley, individual  c r a t e r s ,  

and o the r  d e t a i l s  of t h e  Wood Spot . A group of emission bands, beginning 

abrupt ly  and passing f u r t h e r  toward t h e  short-wave end of ' t h e  spectrum, was even 

not iceab le  without photometric comparison on c e r t a i n  spectrograms obtained in 

t h e  very cen te r  of t h e  Aris tarchus  c r a t e r ,  between H and N . Figure I shows 
f3 Y 

t h e  r e s u l t s  derived from photometric processing of spectrograms of t h i s  spectral  

region. The logarithms of t h e  r a t i o s  between t h e  br ightness  of t h e  Aristalrchus 

cen te r  spectrum and t h e  br ightness  used f o r  comparing the  spectrum of one o f  the 

adjacent  d e t a i l s  of t h e  lunar  su r face  a r e  p l o t t e d  along t h e  o rd ina te  axis, 

Spectrograms f o r  November 25 and 27 were each measured with respect  t o  two  dif- 

f e r e n t  comparison spec t ra .  A s  may be  seen f r o h  Figure 31, t h e  emission may be 



Figure 1. Emission observed i n  t h e  b lue  por- 
t i o n  of t h e  spectrum f o r  t h e  c r a t e r  

'Ar is tarchus .  One d iv i s ion  on t h e  v e r t i c a l  
s c a l e  equals 0.10 of t h e  common logari thm of 
br ightness .  

observed on two spect rogram 

obtained on December 3. The 

sharp emission boundag near 

t h e  red end of t h e  s p e e t r m  

and i t s  c l e a r l y  marked s t ruc-  

t u r e  d e f i n i t e l y  e s t a b l i s h  t h e  

gaseous na tu re  of this emission, 

Important confirmation of this 

conclusion i s  t h e  fact that, i n  
I 

photographs taken December 3, 

t h e  emission bands observed 

above t h e  br ight  central pore 

t i o n  of t h e  c r a t e r  protrude / I00 
P 

somewhat i n t o  t h e  s p e c t r u m  of 

t h e  shade thrown out by t h e  

Eastern s i d e  of t h e  c r a t e r  edge. It thus follows t h a t  t h e  emission source ex- 

tends t o  a c e r t a i n  height  above t h e  c r a t e r  surface .  

The observations i n d i c a t e  t h a t  the re  is  a c t u a l l y  l i b e r a t i o n  of gases i n  t h e  

cen te r  of t h e  Aris tarchus  c r a t e r ,  more p rec i se ly ,  i n  i ts  c e n t r a l  peak, The a@- ! 
t i v i t y  of such processes cannot be  constant .  It is very poss ib le  t h a t  the  sb- 

se rva t ion  of emissions c l o s e  t o  t h e  l a s t  quar ter ,  i .e . ,  when t h e  Sun i s  &ove 

t h e  c r a t e r ,  is not acc iden ta l ,  and t h a t  t h e  outflow s f  gases is f a c i l i t a t e d  

by heat ing by s o l a r  rays of t h e  corresponding c r a t e r  regions. It is  now i n t e r -  

f e s t i n g  t o  c l a r i f y  t h e  chemical na tu re  s f  t h e  gases producing t h e  observed 

j ' emission. 

1 
1 

Figure 1 shows t h a t  the  sharp emission boundary from t h e  red end of the 

1 spectrum has a wavelength between 4630 and 4638 1. On t h e  average h = 4634 

4 f o r  t h i s  boundary. The t a b l e s  s f  molecular s p e c t r a  do not  i n d i c a t e  t h e  exis- 
1 
I tence  of a band with a red edge of t h i s  wavelength. Bands of t h e  malecuies M 3  

1 
8 o r  Z r O  a r e  more s u i t a b l e .  However, t h e  behavior of o t h e r  bands of these  mole- 
I 
J 

cules  completely r e f u t e  such a poss ib le  i d e n t i f i c a t i o n .  There is s t i l l  one 

3 o t h e r  i n t e r e s t i n g  p o s s i b i l i t y  r e l a t e d  t o  t h e  form of t h e  Eastern hydrogen 



Figure 2. Comparison of emission observed i n  t h e  Aristarehus 
crater ( s o l i d  l i n e )  wi th  t h e  emission spectrum of molecular hy- 
drogen obtained with t h e  same dispers ion (dashed l i n e ,  d r a m  i n  
an a r b i t r a r y  s c a l e ) .  One d iv i s ion  on t h e  v e r t i c a l  s c a l e  equals 
0.05 of t h e  common br ightness  logarithm. 

spectrum, i.e., t h e  spectrum of t h e  M molecules f o r  small d ispers ions .  Thhe 
2 

b r i g h t e s t  l i n e s  of t h i s  complex spectrum are concentrated i n  two wavelength 

regions - t h e  reddish-orange and t h e  blue.  The b lue  region of H2 m i s s i o n  

begins wi th  a p a r t i c u l a r l y  b r i g h t  l i n e  having a wavelength a t  4634 A. This is 

t h e  main l i n e  of t h e  s i n g u l e t  system 3d'C +- 2pvC of hydrogen vapor. Because of 

t h i s  l i n e ,  f o r  s m a l l  d ispers ions  t h e  b lue  s p e c t r a l  region of H w i l l  appear as 
2 

a wide band with a sharp red edge. For purposes of b e t t e r  comparison i n  t h e  

labora tory ,  we recorded and measured t h e  H spectrum obtained by a spectro-  
2 

graph, s f  almost p rec i se ly  t h e  same dispers ion a s  t h a t  used t o  obta in  the spec- 

trum of t h e  Aris tarchus  c r a t e r .  The dashed l i n e s  i n  Figure 2 show the resul t s  

of measuring t h i s  labora tory  spectrum of H The s o l i d  l i n e  shows the  supple- 
2 ' 

mentary emissions of t h e  Aristarchus c r a t e r  measured over t h e  e n t i r e  spectr .m, 

I n  t h e  b lue  s p e c t r a l  region, t h i s  curve is obtained by averaging t h e  da ta  i n  

Figure 1. The dashed and s o l i d  l i n e s  c lose ly  coincide. With respect  t o  the 

reddish-orange s p e c t r a l  region,  where t h e r e  is i n t e n s e  emission of H rno8ecules 2 
(primari ly t h e  t r i p l e t  l i n e s  s f  ortho-hydrogen), photometric measurements re- 

v e a l  a weak glow of t h e  Aris tarchus  c r a t e r .  



It is important t o  note  t h a t  both these  emissions a r e  bounded by approxi- / lo1  
mately t h e  same wavelength region. The l a c k  of agreement between t h e  pattern. 

of t h e  s o l i d  l i n e  and t h a t  of t h e  dashed l i n e  must pr imar i ly  p e r t a i n  t o  the 

small dispers ion and t h e  overexposure ofphotographsin  t h i s  s p e c t r a l  region, It 

is our opinion t h a t  t h e  mate r i a l  i n  Figure 2 l eads  t o  the  r e l i a b l e  csncLusion 

t h a t  t h e  gas outflowing from t h e  Aris tarchus  c r a t e r  is molecular hydrogen, 

Usually, t h e  atomic hydrogen spectrum e x i s t s  along with t h e  seccandaqr 

hydrogen spectrum under labora tory  condit ions.  I n  the  spectrum of the 

Aristarchus c r a t e r ,  s p e c i a l  measurements d id  not  reveal  any di f ferences  between 

t h e  Balmer l i n e s  and t h e  Balmer l i n e  of t h e  spectrum f o r  i ts  sur romdings ,  

Thus, i t  may b e  assumed t h a t  no s i g n i f i c a n t  amount s f  atomic hydrogen i s  pro- 

duced i n  the  e x c i t a t i o n  of molecular hydrogen outflowing from t h e  center  of the 

Aristarchus c r a t e r .  This represents  a very important c h a r a c t e r i s t i c  sf hydrogen 

glow processes on t h e  Moon. It must b e  noted t h a t  i t  is extremely d i f f i c u l t  to 

f i n d  a cor rec t  explanation f o r  t h i s  glow mechanism, due t o  t h e  l a r g e  =c i ta t ion  

energies  of H molecules. The observed outflow of molecular hydrogen cmnot be 
2 

the  r e s u l t  of photodissociat ion of water  vapor, s i n c e  only t h e  formation of M 

and OH is  i n t r i n s i c  t o  t h i s  process. H can be  produced by t h e  photsdissocia-  2 
t i o n  of o t h e r  molecules. It must the re fo re  be  concluded t h a t  molecular hydrogen 

i s  produced d i r e c t l y  i n  t h e  i n t e r i o r  of t h e  Moon. It can then a c c m u l a t e  the re ,  

This conclusion regarding exis tence  of molecular hydrogen i n  t h e  i n t e r i o r  of the 

Moon agrees with t h e  exis tence  of l o c a l  accumulations of hydrogen i n  t h e  Earth 's  

c rus t .  The important r o l e  of molecular hydrogen outflow i n  t h e  v o l c m i c  pra- 

cesses  on t h e  Earth is w e l l  known. 

The observations described he re  show t h a t  comparatively s t a b l e  gas outflows 

of t h e  fumarole type  of our terrestial volcanoes e x i s t  on t h e  Moon, i n  a d d i t i o n  

t o  spontaneous volcanic  processes observed on :~ovember 3, 1958 and October 23, 

1959 i n  t h e  Alfons c r a t e r .  The fumarole f i e l d  was located  t o  t h e  e a s t  of t h e  

c e n t r a l  peak i n  t h e  Aris tarchus  c r a t e r ,  and was on t h e  order  of 1-2" i n  s i ze ,  

i ,e .  2-4 km. Close t o  t h i s  f i e l d  (on t h e  eas te rn  edge of t h e  A r i s t a r A u s  

c r a t e r  and at t h e  apex of t h e  Schroeter  Valley) Greenacre and Barr  a t  the 

Lowell Observatory on 30 October 1963 observed two regions which were reddish- 



orange i n  color  and l a s t e d  f o r  20 minutes [2 ] .  During these  observations,  the 

Aristarchus c r a t e r  was c lose  t o  t h e  terminator f o r  2.5 days before  the f u l l  

Moon.* The b r i e f  appearance of t h e  b r i g h t  co lo r  is  d e f i n i t e l y  caused by the 

outflow of gases whose glow was p a r t i c u l a r l y  apparent on t h e  background of t he  

lunar  su r face  c l o s e  t o  t h e  terminator.  The almost simultaneous appearance of 

gases i n  two regions separated by 35 Ism (5 minutes e a r l i e r  i n  the  Schroeter  

Valley) could have been the  r e s u l t  of a s i n g l e  deep process.* Thus, these new 

observations of Greenacre and Barr  confirm t h e  g r e a t  volcanic a c t i v i t y  of the 

Aris tarchus  c r a t e r  region.* 

I n  conclusion, i t  must be pointed out  t h a t  t h e  enigma of t h e  Aristarchus 

c r a t e r  has been f a r  from solved by these  observations. The quest ion s t i l l  

of t h e  Aristarchus c r a t e r .  I n  genera l ,  was t h i s  luminescence of a s o l i d  surface, 

o r  was t h e  luminescence discovered i n  1955, which closed t h e  contours of t h e  B 

and K l i n e s ,  e n t i r e l y  t h e  luminescence of c e r t a i n  gases outflowing from the 

crater i n t e r i o r  which are still  unknown? 
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Trans la to r ' s  Note: Next l i n e  dele ted  as indicated  i n  o r i g i n a l  text. 
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